
DEVELOPMENTOF THE WOLFFIANBODY 2 15

DEVELOPMENTOFTHEWOLFFIANBODYIN
SUSSCROFADOMESTICUS

Edward J. Angle, A.M.M.D.

The results embodied in this paper are from studies undertaken some

years ago. At that time it was reahzed that the investigation was far

from complete and pubKcation was delayed with the hope of further

study —a hope never realized —of the source of origin of the several por-

tions of the urinary tubules. In the Hght of recent research the pubUca-

tion of the paper at this late date is largely that the illustrations may
prove of some permanent value.

Historical

The Wolffian bodies (Corps de Wolflf, Urniere, Mesonephros, Primi-

tive Kidney) were discovered by Casper Fr. Wolff in the year 1759, who
regarded them as representing the embryonic period of the true kidney

(Metanephros). They received their present name from H. Rathke in

1825; this only apphed to the Wolffian bodies of birds, as Rathke termed

the same organs in mammals Okensche Korper. In 1824 Jacobson intro-

duced the name of primordialniere and discovered that in birds these

bodies secreted uric acid, which was conducted away by the allantois.

The ffi*st mention of the mesonephros in man was made by J. Frey

Meckel (1809) in his work on comparative anatomy. Meckel describes

in fairly accurate language the mesonephros of an embryo 1 rmn. long;

but evidently was in doubt as to what the organ was, as he later asks the

question
—

"are these structures the common source from which limgs,

hver, kidneys, adrenals and sexual organs later have their origin?"

The older writers (Wrisberg, Dzondi, Oken, Emmert and Hochstetter)

had many fanciful theories regarding the role of the Wolffian body, re-

garding it either as the beginning of the kidney or as the horn of the

utereus.

Rathke (25) led the way to a true conception by discovering the origin

of the true kidney in an embryo chick of six days and showed that the

Wolffian body was related to the kidneys as the gills are to the lungs.

The glomerulus of the mesonephros was discovered by J. Miiller (30).

The honor is due MiiUer for having ffirst accurately and correctly followed

the developmental changes of this organ in a large series of embryos.
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The smallest of Miiller's embryos had a length of 20 mm. In this embryo

he describes the adrenals, which are quite large and covered by the true

kidney, the kidney and ureter, the Wolffian bodies with their conducting

sexual portions. The Wolffian body is described as a long flat organ

which is in relation on its lateral surface with the sexual duct. Miiller

emphasizes the fact of the early disappearance of the Wolffian body in

man; for in his next embryo which was 3 cm. long he found between

excretory duct and sexual gland (does not mention whether testes or

ovary) a long spur which is the remaining trace of the Wolffian body.

The chief merit of Miiller's work consists in his having discovered the role

which the Wolffian body plays in the development of the sexual ducts.

Among the noted early investigators was Valentin (35) whose work

principally relates to mammals. In the Wolffian body, Valentin distin-

guished two portions; an outer hah which consists only of canals and an

Inner portion made up principally of coiled vessles (Malpighian bodies).

Valentin adds parenthetically that in spite of great pains it is frequently

difficult to determine the direct connection of the Wolffian tubules with

the Wolffian duct.

Whenone considers the imperfection of optical instruments in use at

the period when Miiller, Rathke and Valentin Uved, one can only wonder

at the accuracy of their observations. In mammals, von Baer (37) says,

that the primordialnieren arise and disappear as in birds and that their

structure clearly points to the general characters of secretory glands.

Bischofif (42) remarks that the Wolffian bodies are only to be found in

very young human embryos and that in the second month only faint

traces of the glands are to be found. This author agrees with J. Miiller,

Rathke, Jacobson, E. von Baer that the Wolffian body is an excretory

organ. Koebelt (47) observed the atrophy of the Wolffian body in man
and higher mammals and from his work concludes that the epididymis of

the male is a homologue of the epoophoron in the female.

Waldeyer (70) devoted his attention to the early developmental

changes of the Wolffian body in the chick, mammals and man and found

the phases of development in the two latter in no way different from the

former. From the fact that the Wolffian canals in their Several portions

are Hned with different forms of epithehum, Waldeyer came to the con-

clusion that there were two types of canals in the gland and from this

fact differentiated them into a sexual and a urinary portion; from the

former arises the epoophoron or epididymis and from the latter the
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paroophoron or paradidymis. This opinion was concurred in by Rathke,

Dursy and J. Miiller.

All investigators prior to 1870 regarded the WolflSan tubules as arising

either as evaginated blind sacks from the Wolffian duct or from dif-

ferentiation of the mesoblastic tissue of the middle plate.

In the year 1874 a new theory was promulgated by the independent

investigations of three men, Semper (75), Balfour (74) and Schultz (75)

who came to the conclusion that in Selechians the segmental Wolffian

canals are in relation with the coelom by means of nephrostomes.

According to Semper these segmental canals arise from hollow invagina-

tions of the pleuro-peritoneal epithelium. Balfour regarded the canals

as arising from soHd buds from the intermediate cell mass, the buds later

acquiring a lumen.

Gotte (75), working independently of the preceding authors, foimd in

amphibia that the Wolffian tubules arise as hoUow outgrowths from the

urogenital fold of the peritoneum. This observation was confirmed by

Spengel (76) and Fiirbringer (78). Spengel and F. Meyer, working

independently discovered in 1875 that the amphibian Wolffian body

possesses peritoneal funnels and the former regards the Wolffian body of

amphibians as possessing a segmental formation and holds that its peri-

toneal funnels deserve as in Selachians, the name of segmental nephro-

stomes. Fiirbringer (78) has sho^\'n in Petromyzon that the first anlage

of the Wolffian body originates from segmentally arranged cell cords

which arise from the peritoneal epithehum.

In 1875 Kolliker (75) investigated the origin of the Wolffian tubules

of amniota which agrees with the anamnia in its essential features. In

reptiles according to Braun (77) the Wolffian tubules arise from buds

which had previously been evaginated from the coelom epithelium; these

buds are segmental as in Selachians and solid as in mammals, and become

segmental vesicles. The connection with the peritoneum soon vanishes.

Thus we see in the seventies a strange concord of opinion; in all verte-

brates which had been investigated the theory of Semper and Balfour

regarding Selachians was confirmed.

Sedgwick (80) advanced the view later that the Wolffian tubules in

the chick do not arise as peritoneal evaginations as announced by Semper

and Balfour but arise through a differentiation of the Wolffian Mesoblast.

Soon after this Weldon (83) showed for Lacerta that the Wolffian tubules

do not originate, as held by Braun, from peritoneal evagination but
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according to the theory of Sedgwick. The theory advanced by Sedgwick

for birds and Weldon for reptiles was opposed by Janosik (85) who had

investigated the subject in the chick. Mihalkovics (85) agrees with

Sedgwick and Weldon that in Sauropsida the Wolffian canals do not

arise as a growth from the coelomic epithelium but by differentiation of

the Wolffian mesoblast.

Hoffmann (89) investigated the Wolffian canals of Lacerta and found

that they arise similar to those in Selachians, with the difference that the

constriction of the nephrostome from the lateral plates occurs at an

earlier period.

According to Martin (88) in rabbits the anlage of the canals is dif-

ferentiated from the middle plate and later loses connection with the

mesoblastic somites.

Kollman (92) is authority for the statement that the middle plates in

amniota are segmental. This conclusion was arrived at by surface ob-

servation and confirmed by sections. In man the same conditions could

not be directly shown but can be assumed as the Wolffian canals are

arranged segmentally and the Wolffian vesicles show segmental charac-

ters.

In the same year Field (91) made a study of amphibians. He came

to no conclusions in Amblystoma although he considers it probable that

the tubules arise fror a proliferation of the peritoneal epithelium but

not from a true invagination.

Description

The Wolffian body is the chief occupant of the embryonic Wolffian

ridge; in Anamnia it is the chief renal organ throughout life; in Amniota

on the contrary it disappears during embryonic life, being entirely re-

placed by the true kidney (metanephros), with the exception of a small

portion of the cephaUc end which is retained and becomes a constituent

of the developing sexual gland.

In its primitive form the Wolffian body consists of a series of trans-

verse tubules emptying into the Wolffian duct. As Sempter (75) has

shown for Plagiostomes there is one tubule for each body somite.

A mesonephros in the simple form in which it is first produced devel-

opmentally is retained permanently, as Gegenbaur has shown, only in

Bdellostoma, a species of Cyclos tomes. Here the organ consists accord-

ing to J. Muller of short transverse tubules whose proximal closed ends
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are invaginated by glomeruli and which open after a short course into

the Wolffian duct. In all remaining vertebrates the mesonephros is

metamorphosed into a more volimiinous and comphcated organ and shown

manifold changes over the simple form. Here we find a distal strongly-

convoluted tube opening into the Wolffian duct by means of a collecting

tube; the proximal distended portion of the canal becoming a- Bowman's

capsule and lastly a peritoneal opening leading up to the glomerulus.

This latter however is not found in the amniota as maintained by Hert-

wig (92) who claims that it is present in the three higher classes of verte-

brates. I have searched dihgently for traces of this in the chick, rabbit,

cat and pig, and have found no evidence of the presence of such a canal.

The Wolffian body develops in the intermediate cell mass which is formed

when the mesoblastic somites are constricted off from the lateral plates;

it arises through a union of the median portions of the latter and is best

known under the name of middle plate. It has been amply shown that

the coelomic epithelium of the middle plate represents without exception

the anlage of the sexual glands and I shall attempt to show that the middle

plate itself represents the anlage of the excretory apparatus and that the

latter contains no traces of coelomic epithehum; thus is shown the de-

scent of the entire anlage from mesoblast.

Preceding the appearance of the anlage of the Wolffian tubules there

appears an accumulation of mesoblastic cells on the mesial and ventral

side of the Wolffian duct. These cells assume a radial appearance and
become hollowed out to form small vesicles. These vesicles were termed

mesonephric vesicles by Remak (50) and segmental vesicles by M.
Braun (77). Braun found in Uzards the number of vesicles to corre-

spond with the number of segments but in birds Mihalkovics (85) has

found the vesicles more nimierous than the mesoblastic somites. In

Sus I have foimd from two to three vesicles for each somite and conse-

quently the term segmental vesicle of Braun is inappropriate for birds

and mammals. The Wolffian vesicles are either oval or circular in out-

line when viewed in sections and are Hned with columnar epithehum.
These epithelial cells have large clear and well defined nuclei and each
cell possesses a deeply staining nucleolus. In Figures 1, 2, and 3, the

relations of the Wolffian vesicles to siirrounding parts are clearly shown;
Figures 1 and 2 are transverse sections from the proximal portion of the

Wolffian body of an embryo 2.5 mm. long. The Wolffian vesicle (w. v.)

is seen in the above figures to be situated ventral and medianwards from
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the Wolffian duct (w. d.) and is in close relation ventrally with the coe-

lom epithelium of the middle plate. Dorsally the vesicles are in relation

with the mesoblastic somites (m. s.) and medianwards with the aorta (a).

The Wolffian duct in these figures has not as yet acquired a lumen.

Just posterior and a trifle lateral to the Wolffian duct a small blood

vessel is visible, this is the vena cardinaUs (v. c.) which is closely related

to the growth of the Wolffian body. As the Wolffian body grows and

enlarges the cardinal vein is forced to assume a position dorsal to the

Wolffian ridge. Its position is readily seen in figures 7, 21, 9 and 10.

The first two of these sections are from embryos three mm. long and the

two latter from embryos four mm. long. Its shape varies greatly as will

be seen in comparing the figures 9 and 10. In embryos a little older

(5 mm.) it will be seen in figures 12, 18 and 19 that the cardinal vein

(v. c.) is situated near the dorso-median angle of the Wolffian ridge, and

is in close relation with the Malpighian bodies (m. b.) which are fully

developed in embryos of 5 mm. length.

The Wolffian vesicles (w. v.) are shown in an obUque section in figure

3, which is from the distal end of the Wolffian body of a three mm. em-

bryo. The vesicles here are in relation laterally with the Wolffian duct

(w. d.) and medianwards with the aorta (a). The small amount of

mesoblastic tissue surroimding the vesicles is particularly noticeable.

The origin of the anlage of the Wolffian canals is a subject which has

engaged the serious attention of embryologists for the past score of years

and has given rise to a voluminous hterature. Among the amniota, birds

have received the attention of a majority of investigator, reptiles still

less and mammals least of all, which is not at all commensurate with their

position and importance in the animal scale. The names of Kolhker,

Renson, Kollmannm, Egh, His, H. Meyer, Nagel and Mihalkovics are

in the foreground of investigators on the development of urogenital or-

gans of mammals.

Three views have been advanced for the origin of the Wolffian tubles:

(a) The Wolffian Tubules Arise Similarly to the Tubules of Other

Glands That is as Hollow Evaginations from the Wolffian Duct. This

theory was advanced by Remak in 1850 and was accepted by Waldeyer

(70) with the distinction that the tubule only is an outgrowth from the

duct, the Malpighian body arising from the mesoblast independently and

later joins the tubule. It is only necessary to examine sections of young
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embryos in which the Wolffian vesicles are yet separate from the Wolffian

duct to show the incorrectness of this view (w. v., Figures 1, 2 and 3).

(b) A More Modern Theory is that the Tubules take their Origin from

an Evagination of Cell Cords or Buds from the Coelomic Epithelium of the

Middle Plate. This was ffi-st advanced by Balfour (75) and Semper (75)

for Selachinas. Amongworkers on amniota the adherents of this theory

are Braun (77), Weldon (83), Kolliker (79), KoUmann (82), Siemerling

(82), Sedgwick (81) and Rensen (83). Sedgwick held this theory only

for that portion of the Wolffian body which develops anterior to the six-

teenth mesoblastic somite. In reptiles according to Braim the tubules

arise from funnel shaped invaginations of the coelom epithelium which

are then constricted off from the latter and become the segmental vesicles,

and which are present in mmibers corresponding to the body segments.

These vesicles secondarily unite with the Wolffian duct. The vesicle

proper becomes the future Malpighian body while the tubule arises from

a short canal which connects the vesicle with the Wolffian duct. Weldon

holds the same theory as Braun but merely makes the statement without

any evidence.

According to Kolliker in embryo chicks of the sehond day, there are

to be seen, on the median side of the urogenital ridge club-shaped buds

of epitheHal cells which are growing in towards the connective tissue of

the Wolffian blastem. Kolliker observed fine fissures in these cell cords,

which he regarded as portions of the coelomic cavity constricted off with

the cells. The connection with the coelomic cavity is lost only after

the tubules have made their union with the Wolffian duct. Kolliker

observed the same in the rabbit with the exception that no fissures were

present.

Kollmann examined embryos of mouse and rabbit and confirmed in

toto the view of KoUiker. Renson (in chick, rabbit and rat) divides the

Wolffian body into two portions, a proximal extending from the seventh

to the eleventh somite and a distal, extending from the eleventh somite

to the pelvis. In the first named region the tubules arise from isolated

buds of the pleuro-peritoneal epithehum while in the latter the tubules

are differentiated from the intermediate cell mass which had previously

arisen from an ingrowth of the pleuro-peritoneal epithehum in the form

of a longitudinal plate. The cells which become anlagen of canals are

arranged around small lacunae. The lacunae are the remains of small



222 ANGLE

fissures when the longitudmal plate was constricted oflf from the coelom

epithehum. The remainder of the lacunae form the cavities of the

Malpighian bodies. Renson regards the pronephros and mesonephros

as being homologous organs; a view which is untenable at the present

time.

Hertwig (92) in his text book of embryology says: "The collective

evidence of investigators shows that the Wolf&an canals arise from the

pleuro-peritoneal epithelium of the middle plate from which sohd cell

cords are formed and pass in towards the side of the Wolffian duct. In

the higher vertebrates the development of the primitive kidney is to a

certain extent abbreviated, in so far as the separate cords of cells which

arise at the constricting off of the primitive segments he very close to-

gether and constitute an apparently undifferentiated cell mass out of

which the mesonephric tubules subsequently appear to have been dif-

ferentiated. The source of its material (mesonephros) is either directly

or indirectly the epithelium of the body cavity as it has been possible

to prove in many cases in Selachians, amphibia and amniota.

"

(c) The third view is that the Wolffian tubules are derived independently

of previous existing epithelium through differentiation of the Wolffian meso-

blastic tissue. This view was first advanced by Remak (50) and accepted

by His (80), Bornhaupt (67), Egh (76), Sernoff (76), Mihalkovics (85)

and H. Meyer (90). Balfour (79), Sedgwick (80) and Fiirbrmger (78)

hold this view for that portion of the Wolffian body developing distal

from the sixteenth somite. Mihalkovics (85) has made a very thorough

and exhaustive study of the development of the Wolffian body in the

lizard and chick and finds no evidence whatever to substantiate the views

of Braun, Kolhker and Rensen. Mihalkovics has shown that the tubules

of chick and lizard which correspond to the seventh to the eleventh

somite inclusive arise from the coelom epithelium and that each tubule

is connected with the coelom cavity by means of a funnel shaped nephro-

stome. At the median side of each nephrostome and projecting out from

the root of the mesentery is a free glomerulus. It is admitted by all

modern investigators that the above constitutes the head-kidney or pro-

nephros which is in no way connected or homologous with the WoLfl5an

body. The error of Balfour, Sedgwick and others arose no doubt from

the fact that they regarded the pronephros as the anterior portion of the

Wolffian body. I have verified the work of Mihalkovics in the chick

and find no nephrostomes or free glomeruh farther distal than the body
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somite. Sedgwick makes the sixteenth somite the point of differentiation.

His (80) in description of embryo "a" says that the thickness of the walls

of the Wolffian duct at an early period is double the size of that structure

later on. This fact would cause him to conclude that the tubules arise

from the duct by a fold and a consequent thinning out at this point if

the collective evidence of vertebrates did not point to their formation

from the Wolffian mesoblast. Nagel (89) in his description of two human

embryos rejects the coelom theory in toto and while admitting that his

embryos were much too old to give information on this point says if it

were not for the opinion of His (see above) he would be inclined to beheve

that the tubules arise as outgrowths from the Wolffian duct. In order

to prove unequivocally that the Wolffian tubules arise from the meso-

blastic tissue of the middle plate one must have embryos of such ages

which will show the complete cycle of changes from undifferentiated

mesoblastic tissue to fully formed Wolffian vesicles. From this point of

view I am unfortunate in the selection of my subject material as in my
youngest embryos (2.5 mm.) the segmental vesicles are already well

formed and differentiated from the surrounding tissue (see w. v. figures

1 and 2). If the vesicles arose from the coelom epithelium one would

expect to find some indication of this occurrence at the point to where

they were constricted off from the latter, opposite to the vesicles, but by

observing the vesicles (w. v.) in figures 1 and 2, it will be seen that no

fissures, thinning out of the epithelium, or depression of the latter are

to be found.

The anlage of the Wolffian canals develop in a distally extending

direction and in the embryo from which figures 1 and 2 are taken the

vesicles are well formed at the proximal end. At the distal end of this

embryo the cells of the mesoblastic tissue are just arranging themselves

around a commoncenter and no lumen is present. Another point which

adds considerable confirmatory evidence is the fact that the immature

vesicles at the distal end are no nearer the coelom epithelium than the

more fully developed vesicles of the proximal end; which should be the

case if the vesicles arose from the coelom epithehum. In the embryo

(3 mm. long) from which figures 7 and 21 are taken one finds separating

the coelom epitheUimi from the underlying blastem, first a compact

layer of connective tissue (c. t.) and second an intercellular space (i. s.)

each of which amounts to more than the thickness of a tubule. With the

exception of the point at which the tubules adjoin the Wolffian duct the
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coelom epithelium is separated from the underlying structures m this

embryo. As previously stated, I admit that myevidence is not complete

but all the facts which I found point strongly to the origin of the Wolfl&an

canals from the mesoblastic cells of the middle plate. I hope in the near

future to obtain younger embryos which will unequivocally settle this

point. While the theories regarding the origin of the anlage of the

Wolffian canals are numerous there is a corresponding scarcity of accounts

describing the changes by which the primary vesicles are metamorphosed

into a fully developed canal, ending distally in a Malpighian body and

proximally opening into the Wolffian duct. Sedgwick (80) gives the

following account which is decidedly indefinite, "from the inner and

dorsal wall of the vesicle a glomerulus is ultimately developed. The
whole structure grows enormously and gives rise to the Malpighian body

and compHcated coils of the later Wolffian tubule. The question as to

whether or no there are outgrowths from the Wolffian duct to meet the

independently developed Wolffian tubules is not easy to answer. I am
not now in a position to give a definite answer and will merely state that

there are appearances in my sections which incline me to the opinion

that there are outgrowths from the Wolffian duct which in the case of the

primary Wolffian tubules are solid but hollow in the case of the secondary

and tertiary tubules."

Waldeyer (65) regarded the tubule proper as an outgrowth from the

Wolffian ducts while the Malpighian body develops separately in the

intermediate cell mass and later joins the tubule. Braun (77) holds in

reptiles that there is a short connecting canal given ofif from the Wolffian

duct which joins the segmental vesicle and that by the lengthening out

of this canal the tubule proper is developed; while the Malpighian body

is formed from the vesicle itself. The most painstaking and the only

complete account which I can find is by Mihalkovics (85)and he gives

in detail, illustrated by a number of figures, the various changes assumed

by the vesicle in its conversion into a Wolffian tubule. He gives an

account of this process in both the lizard and the chick and as they agree

in aU essential points it will serve our purpose to relate briefly a summary

of this change occurring in the chick. The Wolffian vesicles are situated

at the median side of the Wolffian duct and their contiguous surfaces

are in close contact and at the point of union, there is a melting away of

the cells and a communication is formed connecting the lumen of both

vesicle and duct. At the same time that the above is occurring the round
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form of the vesicle becomes flattened by the sinking in of its dorsal wall

and as a result we see in cross section, a half moon shaped body the lateral

wall of which is joined to the median side of the Wolffian duct, and its

convex wall is ventral and at the median side of the urogenital ridge, close

to the coelom epithelium and its median point directed towards the aorta.

In the concavity of the half moon is an aggregation of connective tissue

which is the anlage of the future glomerulus. The short canal which

connects the vesicle with the Wolffian duct is the anlage from which,

when fuUy developed, a tortuous tubule arises; whUe the Malpighian

body alone arises from the half moon shaped Wolffian vesicle.

This account of Mihalkovics for the chick is entirely different from

what I have found in Sus. In the pig the Wolffian vesicle assumes an

oval form with its long diameter directed dorso-ventralwards, the walls

of the Wolffian vesicle and duct being in close contact. Shortly after

this the two are connected by a short canal, which is given off from the

dorso-median waU of the Wolffian duct and uniting at the dorso-lateral

border of the vesicle. In figure 4 the vesicle (w. v.) is seen united to the

Wolffian duct (w. d.) by a short curved canal as above described. By

comparing figures 1 and 2 with figure 4 it will be seen at this stage that

the middle plate has increased considerably in size and now projects into

the body cavity and from this period on will be designated as the Wolffian

ridge. The vesicle having become oval has receded back from the coelom

epithehum (c. e.) and its long diameter is vertical to the body axis.

Otherwise the relations of the vesicle to surrounding tissues and organs

are not changed from what was described in figures 1 and 2. A limaen

in the canal connecting vesicle and Wolffian duct is not present at this

early period (4). As to the origin of this canal whether derived from the

vesicle or from the Wolffian duct I can not positively state, but it would

seem that it is derived from the latter, from the fact that its cells like those

of the Wolffian duct have taken the stain with great avidity while the

cells hning the vesicle have pale nuclei. By comparing figures 4 and 5

it wiU be seen that the next stage of development is brought about by the

sinking in of the median wall of the vesicle at point 'a' and causes the

latter to assume somewhat of an 'S' shape (figure 5) whereby the anlage

of the three portions of each tubule and Malpighian body can be differ-

entiated. The proximal portion of the tubule (5) is quite narrow and it

now has a distinct lumen and curves dorsally and passes under the ventral

border of the cardinal vein (c. v.) and shortly afterwards unites with the
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second portion of the tubule at point 1 (figure 1). The second portion

of the tubule extends from 1 to 2 and is spindle shaped (figure 5). This

second portion curves ventralwards with a slight lateral deviation and

then becomes constricted at point 2, then makes a sharp curve median-

wards and passes over into the third portion of the tubule. This third

portion extends from point 2 to anlage of the Malpighian body and like

the first portion is quite narrow. The third portion is directed median-

wards and is parallel with the ventral surface of the Wolffian ridge. The

anlage of the Malpighian body is the expanded distal end of the third

portion of the tubule (5) and its median surface is in close relation with

the aorta (A). In figure 6, a trifle older stage is shown and the several

portions of the tubule are more clearly defined than in figure 5. From
the preceding account it will be seen that the two distal portions of each

tubule and the Malpighian capsule are derived from the Wolffian vesicle.

By comparing figures 4, 5 and 6, it will be seen that the lumen of the two

distal portions of the tubule and the Malpighian capsule are filled with

darkly stained formative cells while in figure 6 no such cells are present

in the proximal (first) portion of tubule. This fact is additional evidence

that the first portion of the tubule arises as an outgrowth from the

Wolffian duct. In figure 8 the first portion of the tubule and the Wolffian

duct are also seen to enclose these building cells but I think it purely

accidental here and believe they have migrated from the other portions

of the tubule, after union with the Wolffian duct; for in figure 3, from a

section showing Wolffian vesicles (w.v.) and Wolffian duct, the former

are seen to enclose these formative cells while the latter has a clear lumen.

Mihalkovics (85) represents the glomerulus as developing pari passu

with the tubule. In Sus this does not seem to be the case. In an

embryo of three mm. from sections of which figures 21 and 22 are taken

the canals in the proximal three-fourths of the gland have assumed their

typical curves, but the expanded distal end of tubule which is the anlage

of the Malpighian body (a. m. b.), shows no evidence of invagination.

In figure 20, the anlage of Malpighian body shown in figure 22 is seen

more highly magnified; it is to be noticed that no evidences of invagina-

tion are to be seen. In embryos from 3 to 3.5 mm. the changes relative

to the invagination of the Malpighian capsule and the formation of the

glomerulus are first to be seen. The origin of the Malpighian tuft of

vessels (glomerulus) has, so far as I have been able to ascertain, received

very little attention from workers in this field of embryology. The only
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detailed account I have found is by Mihalkovics (85) who accepts the

theory advanced by Gotte (74) and Fiirbringer (78) for amphibia and

Braun (77) for reptiles. Mihalkovics found in the chick that the invagi-

nation of the Malpighian capsule went on pari passu with the develop-

ment of the tubule and that first a collection of mesoblastic cells are

noticed around the dorsal wall of the capsule and these later are invagi-

nated into the capsule and become the anlage of the glomerulus. At this

period no branches are seen approaching the Malpighian body from the

aorta. Soon after invagination has occurred, groups of darkly stained

cells are to be seen among the connective tissue of the glomerulus anlage.

According to Mihalkovics these darker stained cells are first transformed

into colorless and then colored blood corpuscles; surroimding connective

connective tissue becoming the coiled vessels. Mihalkovics quotes

Romiti and Schafer as giving this origin for the blood corpuscles and

their enclosing vessel walls, for other organs. I do not doubt the perfect

physiological propriety of this view but as a matter of fact it does not

occur here. In figure 7, from an embryo 3 mm. long, the changes pre-

paratory to formation of the glomeruli are to be seen. It will be noticed

in this figure that the aorta (a) is relatively of large size and that opposite

the median point of the Malpighian capsule, there is an evagination of

the aorta and at this point a diverticulum is given off from the latter,

which passes outwards into the connective tissue of the Wolffian ridge

and comes in close relation with the dorsal wall of the Malpighian cap-

sule. The wall of the aorta is continuous with the wall of the diverticu-

lum and the latter is seen to be filled with numerous blood vessels enclos-

ing blood corpuscles. In some cases I find no diverticulum from the

aorta, but a number of small blood vessels instead which ramify on the

dorsal surface of the capsule; preparatory to invagination of the latter

In figure 17, from an embryo of 4 mm. in length the glomerulus is com-

mencing to invaginate while in figure 16 a fully developed Malpighian

body, from a 5 mm. embryo, is shown; the glomerulus being entirely

invaginated and surrounded by a Malpighian capsule. The cells seen in

the glomeruli of figures 16 and 17 are the nuclei of the endothelial cells

of the coil vessels, and the wavy outline of the latter is seen in figure 16.

In figure 16 in the cells fining the Malpighian capsule the transition from

cylindrical to cubical and later to connective tissue is clearly shown.

Figure 13 also represents a mature Malpighian body but owing to greater

pressure there is less space between glomerulus and capsul thane is seen
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in figure 16. In figures 18 and 19, from an embryo 5 mm. long the Mal-

pighian bodies are fully developed and the large branches given off to the

glomeruli from the aorta are seen.

Each fully developed Wolffian canal consists of three typical portions,

a dorsal (first), ventral (third) and middle (second) which are connected

by two sharp curves. The dorsal portion cylindrical in form affords the

connection with the Wolffian duct and then curves dorsalwards along

the lateral edge of the Wolffian ridge and then passes medianwards along

the ventral edge of the cardinal vein and approaches close to the aorta,

on the inner side of the ridge, where it makes a sharp curve and passes

over into the spindle shaped middle portion of tubule. The middle

portion passes ventralwards and then curves under the first portion and

here makes a sharp curve and passes into the anterior portion of the

tubule which is directed medianwards and passes close to and almost

parallel with the ventral surface of the Wolffian ridge and then expands

into the capsule of the Malpighian body, at the median ventral angle

of the ridge. The above described relations are readily seen in figures

8 and 12, the first or posterior portion of the tubule extends from the

Wolffian duct (w. d.) to point designated (1) where there is a sharp curve.

The middle or second spindle shaped portion extends from point (1) to

(2) where we find the second sharp curve. The anterior or third portion

of tubule extends from point (2) to the Malpighian capsule. In figures 9

and 10 (left section) the proximal two-thirds of first portion of tubule

(t. w.) is seen. In figure 12 a complete tubule mth its Malpighian body

is shown. In figure 8 the tubule is seen arising from the ventral side of

the Wolffian duct, an occurrence which I have only found two times in

examining several thousand sections of this region. In figure 12 at

point (s) (in first portion of the tubule) there is seen a sharp secondary

curve. In figure 8 from a somewhat younger embryo this secondary

curve is present but less sharply defined. I do not find a description of

this secondary curve in the writings of any author who has investigated

the Wolffian body. While each Wolffian canal shows three typical

positions it is impossible to find any two canals which are identical

throughout their entire course. In embryos of 5 mm. from sections of

which figures 18 and 19 are taken, it is no longer possible to recognize the

entire course of a tubule. As the Wolffian body develops the tubules

lengthen out and new curves arise, giving the canals a highly tortuous

and convoluted course.
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With the formation of the primary tubules and their glomeruh the

growth of the Wolffian body is by no means complete. Two factors

contribute to the further growth of this organ; first the lengthening out

of the several portions of each tubule, the intensification of the primary

curves and by the addition of new ones; second by the formation of

secondary, tertiary and quaternary canals. I shall designate as secondary

canals all tubules developing subsequent to the primary set. As the

origin of the primary mesonephric tubules gave rise to several theories,

we have likewise a number of different views regarding the origin of

the secondary.

(a) The first view —The secondary tubules and their glomeruh arise

either by fission or buds from the primary set. Either of these processes

may have as a starting point the wall of the ]\Ialpighian capsule or the

tubule itself. Braim (77) foimd in reptiles and Spengel (76) ha amphibia

that the primary glomeruh are first divided by fissures which continue

along the course of the tubule until the Wolffian duct is reached. In

Selachians according to the statements of Sedgwick (80) and Balfom: (74)

the glomeruli is the starting point of prohferation; cell buds grow out

from the latter and towards the Wolffian tubules l>'ing in front of them

with which their blind ends fuse. After this union has been effected

they detach their other end from the parent tissue. Renson (83) held

the same view for birds but gives no adequate proof.

In discussing the origin of the secondary canals in the human embryo

Nagel (89) says one finds numerous accumulations of epithelial cells in

the middle of the sections and which might lead one to think the further

growth of the tubules occurs through differentiation of the Wolffian

tissues. But the examination of whole series of sections shows most

clearly that these epithehal collections stand in direct relation with the

previous formed canals and that they represent the sohd ends of the same.

Nowhere is there to be seen the transition of the cells of the Wolffian

tissue to the epithehal cells which would be the case of the latter arose

from the former. The sohd end pieces of the canals are sharply defined

from the surrounding tissues as the canals themselves. From this an-

alysis Nagel concludes that the later development of the W^olffian canals

in man occurs through a process of buds or outgrowths of the previously

formed canals. Sedgwick (80) in describing this process in the chick

does not seem to arrive at a definite conclusion but thinks that the second-

ary arise from the dorsal walls of the primary set of tubules.
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(b) Second view —The secondary canals arise like the primary from

invaginations of the coelom epithehmn. Fiirbringer (78) is an advocate

of this theory and says that the secondary canals arise from the coelom

epitheHum on the median side of the primary canals and passes into the

Wolffian tissue in the form of cell cords which later lose their primary

connection.

(c) Third view —The secondary canals and glomeruH arise indepen-

dently of the primary through a process of differentiation of the Wolffian

mesoblast. This view was first advanced by Bornhaupt and later con-

firmed by Balfour (79) and Mihalkovics (85). My own investigations

are in perfect accord with this later view and I will attempt to show that

in Sus the secondary canals arise independent of the coelom epithelium

and primary tubules, through a differentiation of the mesoblastic cells

of the Wolffian ridge. Mihalkovics (85) in reptiles and birds finds no

evidence that the secondary canals arise from the primary through fission

or buds. According to Sedgwick (80) the secondary canals of the chick

arise dorsal from the primary and the tertiary dorsal from the secondary;

but ]\Iihalkovics has shown that the secondary canals may arise either

ventral, dorsal or intermediate from the primary. Investigations of

the origin of the secondary canals in Sus is difficult from the fact that the

secondary canals do not appear until the primary are quite fully formed.

In figures 8, 21 and 22 the several portions of each tubule are readily

seen, no secondary canals have as yet appeared. Like the primary, the

secondary canals develop in a proximal-distalward extending direction.

In figure 21 from the proximal region of the Wolffian body of an embryo

3 mm. long, I find the first changes which lead up to the formation of

the secondary canals; midway between the spindle shaped second portion

of the primary canal and the aorta there are to be seen several collections

of mesoblastic cells which are closely packed together. These cells

take the stain with great intensity and contrast strongly with the sur-

rounding connective tissue. I find no branches from the aorta approach-

ing these groups of cells nor any thickening or invaginations extending

in from the overl}ing coelom epithelium. These cells are at quite a dis-

tance from the latter and even though epithehal cords were present it

would be difficult to conceive their passage through connective tissue,

intercellular spaces and primary tubules and finally reach the designated

point in figure 21. In figure 11 from an embryo 4 mm. long we see the

next stage in the development of a secondary canal (t. w.); here a base-



DEVELOPMENTOF THE WOLFFIANBODY 231

merit membrane is present and the darkly stained mesoblastic cells are

assuming a radial arrangement and lumen i just appearing in the vesicle.

The shape of this secondary vesicle is oblong, its width being about one-

half of its length; while cross sections of primary vesicles are nearly

round (figures 1, 2 and 3). The next period of development is also seen

in figure 11 where the anlage of a secondary canal is just ventral to the

above described vesicle and has assumed somewhat of a ladle shaped

form. By comparing the anlage of these two tubules (figure 1 1) it will

be seen that the median portion of the vesicle becomes the anlage of the

Malpighian body while the lateral portion becomes the tubule proper.

This occurs in much the same way as described in the primary vesicles

(figures 4, 5 and 6), although the process of differentiation of the vesicle

into a tubule is somewhat abbreviated in the case of the secondary canals.

As to the division of a Malpighian body by fissure or buds grov/ing out

from it —I have carefully examined the sections of a dozen embryos

ranging in size from 3 to 5 mm. and nowhere find evidence of such occur-

ences. In regard to Nagel's view (89) that the secondary canals arise

as outgrowths from the primary I can feel sure in saying that it does not

occur. One can find numerous sections similar to figure 14 which appear

hke the outgrowth of a secondary tubule from a primary, but such is

not the case for by following this outgrowth in consecutive sections it

will be found to continue into a secondary tubule and the apparent blind

sack to be caused by a sharp curve which the tubule made before joining

the collective portion of the primary canal. According to Mihalkovics

(85) secondary canals in the chick are formed either dorsal, ventral or

median wards from the primary. By comparing figures 9, 10 and 21, it

will be seen that the first portion of the primary tubule passes very close

to the lateral surface of the Wolffian ridge and then curves backward to

the cardinal vein and lies directly in front of the ventral surface of the

latter. From this it will be seen that there is but Httle space for secondary

canals to develop dorsal from the primary and I have only found one in-

stance of this occurrence which is shown in figure 15. The secondary

canals do not arise ventralwards from the primary for a like want of space

(figure 9) but are found to develop medianwards from the primary

(figure 11). The secondary glomeruU are situated lateral and dorsal

from the primary; the latter occupying a position near the inner portion

of the gland just dorsal to the germinal epithelium (g. e.). The relations

of primary and secondary Malpighian bodies are shown in figure 10.
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In the chick of five or six days Mihalkovics finds from 12 to 18 Wolfl&an

tubules opening into the WoLfiian duct in each body somite and that it

is no uncommon occurrence to find three tubules empt>'ing into the duct

in the same section and besides the tubules which open direct into the

Wolffian duct he finds from 20 to 40 indirect tubules in each somite.

These indirect tubules empty into the collective (first) portion of a direct

canal. This would make a total of from thirty to sixty direct and indirect

tubules for each body somite. I find in Sus from 2 to 3 tubules emptying

into the Wolffian duct in each body somite. In embryos of four, five,

eight and fifteen mm. respectively the number of direct canals remains

practically the same, that is two to three to each somite. In embryos

of four to five mm. length (figures 10, 11-18, 19) from two to three

Malpighian bodies are to be seen in each section in the middle two-thirds

of the Wolffian body. In embryos ranging in size from 8 mm. to 1-5

10 cm. one frequently finds from six to eight Malpighian bodies in a single

section. From this one naturally comes to the conclusion that all or

nearly all of the secondary canals in Sus are indirect; emptying into the

collective portion of a primary canal. The examination of a number

of sections demonstrates the correctness of this as can be seen in figures

14 and 19. In figure 1 1 the proximal end of the anlage of a secondary

canal is in contact with the median wall of a primary tubule and later

•wiW. open into it. I have only found one instance in which two tubules

open into the Wolffian duct in the same section. This is shown in figure

15, the outer of the two tubules being a secondary while the inner is

a primary one. Thus it appears that an occasional secondary tubule

opens directly into the Wolffian duct, but is quite a rare occurrence.

Lincoln, Nebraska.
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LIST OF REFERENCELETTERS

a aorta

amb anlage Malpighian body

c coelom or body cavity

ca capsule

ce coelom epithelium

ch notochord

ct comiective tissue

e epiblast

g glomerulus of the Malpighian body

ge genital epithelium

gr genital ridge

is intercellular space

h hypoblast

mb Malpighian body

mc medullary canal

mes mesentery

mp middle plate

ms mesoblastic somite

m mesoblast

ns spinal chord

so m somatopleuric layer of mesoblast

sp m splanchnopleuric layer of mesoblast

ii intestine

tw Wolffian tubule

Pui^ primary Wolffian tubule

ftf* secondary Wolffian tubule

vc Cardinal vein

vs spermatic vein

wd Wolffian duct

wv Wolffian vesicle

wr Wolffian ridge
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EXPLANATIONOFPLATEXVII

Fig. 1. Cross section form the proximal end of the Wolffian body of an embryo

2.5 mm. long. Ill— 4 X 100.

Fig. 2. Left side of figure 1 more highly magnified I —5 X 190.

Fig. 3. An oblique section passing throiigh the distal end of a 3 mm. embryo.

The Wolffian duct and three Wolffian vesicles are shown. Ill —5 X 280.

Figs. 4 and 5. Cross sections from the distal end of a 4 mm. embryo. I —̂5

X 190.

EXPLANATIONOFPLATE XVIII

Fig. 6. Cross section from the distal end of a 4 mm. embryo. I —5 X 190.

Fig. 7. Cross section from the middle third of the Wolffian body of a 3 mm. em-

bryo. Ill— 4 X 100.

Fig. 8. Cross section through the middle third of the Wolffian body of a 3 and

5-10 mm. embryo. Ill— 3 X 140.

EXPLANATIONOF PLATE XIX

Fig. 9. Cross section throiigh the proximal end of Wolffian body of a 4 mm.
embryo. 1—5 X 190.

Fig. 10. Cross section through Wolffian bodies of middle third of a 4 mm. em-

bryo 1—3 X 66.

EXPLANATIONOFPLATE XX

Fig. 11. Cross section through the middle third of the Wolffian body of a 4 mm.
embryo. TV—3 X 125.

Fig. 12. Cross section through the distal end of a 5 mm. embryo. IV —3 X 125.

Fig. 13. Shows the Malpighian body seen in fig. 12 more highly magrufied. Ill

—

5 X 280.

Fig. 14. Cross section through the middle third of Wolffian body of a 4 mm.
embryo, showing Wolffian duct and proximal portions of Wolffian tubules. I —

S

X 190.

EXPLANATIONOFPLATEXXI

Fig. 15. Cross section through the middle third of Wolffian body of a 4 mm.
embryo, showing Wolffian duct and proximal portions of Wolffian tubules. I —

5

X 190.

Fig. 16. Cross section through a fuUy developed Malpighian body of a 5 mm.
embryo. 1—5 X 190.

Fig. 17. Cross section through a Malpighian body in which the glomerulus is im-

dergoing invagination from a 4 mm. embryo. I —7 X 300.
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EXPLANATIONOFPLATE XXII

Fig. 18. Cross section through middle third of the Wolffian body of a 5 mm. em
bryo. X 160.

Fig. 19. Cross section through the distal end of a Wolffian body of a 5 mm. em-

bryo. 1—4X 39.

EXPLANATIONOF PLATE XXIII

Fig. 20. Anlage of Malpighian body before invagination of capsule has occurred

.

From an embryo of 3 mm. Ill —5 X 280.

Fig. 21. Cross section through the proximal end of Wolffian body of a 3 mm.
embryo. IV—3 X 125.

Fig. 22. Cross section through the middle third of the Wolffian body. From the

ameembryo as Fig. 21. Ill —4 X 125.


